Introduction
Frostbite is the acute freezing of the skin and tissues and usually develops following exposure to temperatures below À2 8C for more than 1 h without proper clothing. 2, 8 The severity of frostbite is related to vascular insufficiency, altitude, duration of exposure, tissue wetness, previous exposure to cold injury, age and other factors. 9 Thromboxanes and prostaglandins also play an important role in frostbite injuries. 5 Frostbite is classified in four degrees, with superficial frostbite comprising the 1st and 2nd degrees and deep frostbite the 3rd and 4th degrees. 11 Superficial frostbite affects the skin and subcutaneous tissues; deep frostbite also affects bones, joints and tendons. 1 After rewarming, marked tissue oedema becomes evident after 3 h and lasts 5 days or more. 5 Necrotic skin forms black and dry eschar within 9-15 days. 5 Prolonged cold exposure, refreezing of partially thawed tissue and slow rewarming predispose to greater tissue loss. 1 Effective treatment of frostbite has not yet been exactly defined. 5 Adjunctive therapies including antiprostaglandin agents, vasodilators, thrombolysis, sympathectomy and improved rewarming techniques are all used in the early phases of frostbite.
11 Radiological assessment may be used to determine tissue viability when amputation is required.
11
Hyperbaric oxygen (HBO 2 ) is a form of therapy that has been used worldwide for the treatment of many disorders such as problem wounds. It is performed by means of the patient breathing 100% oxygen using an endotracheal tube, mask or hood in a completely isolated compression chamber by raising the ambient pressure to higher than 1 absolute atmosphere (ATA). 4 Two patients suffering from deep frostbite were admitted to our department on the 14th and 6th 
Patients
Both patients were treated in a multiplace chamber (Galeazzi, Italy). A medical attendant was present with patients during HBO 2 therapy. Both the patients were treated by HBO 2 (2.4 ATA, total time at depth 60 min, breathing 100% O 2 using a mask), 6 days a week, on an in-patient basis. Wound care was performed daily. All wounds were treated locally with 2% nitrofurazone ointment (Furacin Cream) and vaseline gauze. Tetanus prophylaxis, analgesics and antibiotic prophylaxis were applied in all cases. Daily debridement was performed when required. No adverse effects of HBO 2 treatment were observed.
Case 1
A 50-year-old man in good general health suffered frostbite in December 2002 while standing in an outdoor temperature of À25 8C. Intense pain and cyanotic discoloration on the 1st, 2nd and 3rd toes of both feet occurred with thawing near an oven. On the 2nd day necrosis of the affected toes developed. The patient had been smoking 20-25 cigarettes per day for 35 years. One physician at the regional hospital recommended amputation of all the affected toes on the 5th day, but another physician at the regional hospital recommended HBO 2 therapy. The patient was admitted to our HBO 2 therapy center with erythema, oedema, and cold toes and feet on the 14th day post injury (Fig. 1) . We determined there was 4th degree (deep) frostbite on the 1st, 2nd and 3rd toes of the patient's both feet. Thirty-four sessions of HBO 2 treatments were carried out over 40 days. Demarcation occurred on the 26th day of frostbite. An average of 12 days after the HBO 2 therapy the dark crust came off. Granulation tissue appeared. There was only slight tissue loss on the tips of the 1st and 2nd right toes and the tip of the 1st left toe (Fig. 2) . All the affected fingers regained their sensitivity. Twelve months after the injury the patient reported no complaints at followup examination.
Case 2
A 45-year-old man in good general health suffered frostbite in October 2003 while mountain climbing in Turkey in an outdoor temperature of À28 8C. The patient complained of intense pain and discoloration of the feet after thawing out under a blanket. The patient received no medical treatment for 2 days. The surgeon at the regional hospital recommended below-knee amputation of both feet. The patient's wife then requested help from our department. Six days after contracting frostbite the patient was admitted to our hospital with widespread necrosis on the fingers and the plantar and dorsal surfaces of both feet (4th degree frostbite), (Fig. 3) and reported a complete lack of sensitivity in the affected areas. Examination revealed no 2-point discrimination in the feet. Demarcation occurred on the 20th day. Ten days after the HBO 2 treatment began granulation tissue appeared. Daily debridement was performed. The necrosis improved and was limited to small areas. Fourteen days after the HBO 2 treatment the dark crust came off (Fig. 4) . Thirty sessions of HBO 2 treatment were carried out. The patient had, by the time of discharge, undergone bilateral transmetatarsal amputation. Skin grafts had been applied to the other affected sites at his regional hospital. It was suggested that the patient attend a follow-up examination 1 month later, but he failed to do so because of the distance between the two cities involved. This meant that we were unable to take final pictures of the injuries.The patient was able to walk.
Discussion
Frostbite was once mainly a military problem. 5 However, recent increasing participation in outdoor winter activities (skiing, mountain climbing, etc.) and homelessness have also made frostbite a civilian population problem.
14 Our patients were engaged in outdoor pursuits when frostbite was contracted and both were civilians.
The anatomical sites most susceptible to frostbite are the hands and feet, which constitute 90% of frostbite injuries. Other susceptible sites are the ears, nose, cheeks and penis. Adults aged between 30 and 49 are the most commonly affected. 14 Immediate treatment consists of rewarming the affected sites with warm water (40-42 8C), though not warmer than 44 8C, over 15-30 min. 3, 5 Tetanus prophylaxis and analgesia have to be provided and the affected areas should be protected. 3 The extremity concerned must be elevated and splinted immediately to reduce oedema and promote tissue perfusion. 1 There are only a few reports in the literature concerning the use of HBO 2 in patients with frostbite. 10, 15, 16 The first case of HBO 2 treatment in frostbite injury was reported by Ledingham. 10 Ward et al. studied patients who suffered frostbite while mountain climbing. HBO 2 treatment was initiated 5-10 days after injury. 16 Good results were observed in the treatment of frostbite injury using HBO 2 .
10,12 Von Heimburg et al. published a case report in which a boy suffered deep frostbite to six fingers. HBO 2 treatment was performed for 14 days. No tissue loss ensued and all the affected areas regained sensitivity. X-ray examination after HBO 2 treatment showed no premature closure of the epiphyses or sclerosis of the metaphyses. Total recovery was observed. 15 HBO 2 increases leukocyte bactericidal activity, resistance to infection, the growth of new capillaries, collagen synthesis and storage, and oxygen-sensitive fibroplast replication in wound healing 13, 17 by increasing the normal level of tissue oxygen pressure by 10-15 times. 4 At the same time, HBO 2 regulates microcirculation and reduces oedema by causing vasoconstriction without the occurrence of hypoxia. 4 Tissue damage in freezing occurs by two means: cellular damage and vascular insufficiency.
1 Slow freezing leads to the emergence of more ice crystals in the extracellular space than in the intracellular space. 5 Extracellular ice crystals cause dehydration of cells, which leads to protein denaturation, inhibition of DNA synthesis, loss of cellular membrane integrity, and finally cellular death. 1, 6 Cold causes increased blood viscosity and vasoconstriction leading to thromboembolism. 1 After rewarming endothelial injury, thrombosis, tissue oedema, increased compartment space pressure, bleb formation, and tissue death occur. Inflammatory leukocyte infiltration and liberation of free oxygen radicals, prostaglandins, and thromboxane may also play a role in frostbite. 5, 11 We used HBO 2 treatment in deep frostbite of both feet in two patients. Both patients were healthy individuals with no history of circulatory impairment, diabetes mellitus, drug abuse, alcohol conThe treatment of deep frostbite with hyperbaric oxygen 501 sumption, substance abuse. One patient was a heavy smoker, but gave up during the HBO 2 course (Case 1). Both patients improved with HBO 2 treatment.
Conclusion
In frostbite a certain number of cells are injured irreversibly but a large number of cells are injured reversibly, and these may recover and survive with appropriate treatments. 6 The aim of frostbite treatment must be to salvage more irreversibly injured cells. 5 In the early stages of freezing, HBO 2 can assist in the salvaging of a greater amount of tissue by increasing the viability of reversibly damaged cells neighbouring on necrotic tissue by preventing tissue hypoxia and reducing tissue oedema. In the late stage it shortens the duration of hospitalization and reduces the development of secondary infection by accelerating wound healing. At the same time HBO 2 assists the surgeon by permitting the clarification of the demarcation line and increases the success of surgical interventions planned for tissue defects. 7 Prospective clinical studies are needed to demonstrate the beneficial effects of HBO 2 in deep frostbite treatment.
